In this proceeding, we report the recent measurements of time-dependent CP violation in B meson decays from the Belle Collaboration. The Belle experiment stopped operation in June 2010 and collected nearly 772 × 10 6 BB pairs at the Υ(4S) resonance at the KEKB asymmetric-energy e + e − collider. We used this full data sample to measure the CP violation parameters in b → ccs and b → ccd decays. We also report new measurements of CP T violation parameters in B decays. Furthermore, we report the first observation of a new b → s radiative penguin decay B 0 → φK 0 γ, as well as measurements of its time-dependent CP asymmetry.
Introduction
In the standard model (SM), CP violation in B 0 meson decays originates from an irreducible complex phase in the 3 × 3 Cabibbo-Kobayashi-Maskawa (CKM) mixing matrix [1] . The unitarity condition of the CKM matrix gives rise to a relation V ud V * ub + V cd V * cb + V td V * tb = 0, which can be represented by a triangle in the complex plane, known as the Unitarity Triangle (UT). The main objective of the B-factories is to test the SM picture of the origin of CP violation by measuring the angles (denoted by φ 1 , φ 2 and φ 3 )
1 and sides of the UT using different B decays. In this proceeding, we report the recent measurements of time-dependent CP asymmetries in B → Charmonium K 0 decays. These proceed via b → ccs tree diagram and provide a precise measurement of the angle φ 1 (≡ π − arg(V * tb V td /V * cb V cd )). For such decays the interference between the tree amplitude and the amplitude from B 0 − B 0 mixing is dominated by the single phase φ 1 . The other modes which allows measurements of φ 1 are b → ccd transitions like B 0 → D + D − and B 0 → D * + D * − . These modes are dominated by tree diagrams, but loops may contribute. So, sensitivity to new physics (NP) increases in these decays.
On the other hand, rare radiative B meson decays are flavor changing neutral currents, forbidden at tree level in the SM but allowed through electroweak loop processes. The loop can be mediated by non-SM particles (for example, charged Higgs or SUSY particles) and therefore is sensitive to NP. The emitted photons in b → sγ (b → sγ) decays are predominantly left-handed (right-handed) in the SM, and hence the time-dependent CP asymmetry is suppressed by the quark mass ratio (2m s /m b ). The expected mixing-induced CP asymmetry parameter (S) is O(3%) and the direct CP asymmetry parameter (A) is ∼ 0.6% [2] . In several extensions of the SM, both photon helicities can contribute to the decay. Therefore, any significantly larger CP asymmetry would be clear evidence for NP.
Experimental Apparatus
The Belle detector is a large-solid-angle magnetic spectrometer that consists of a silicon vertex detector (SVD), a 50-layer central drift chamber (CDC), an array of aerogel threshold Cherenkov counters (ACC), a barrel-like arrangement of time-of-flight scintillation counters (TOF), and an electromagnetic calorimeter (ECL) comprised of CsI(Tl) crystals located inside a superconducting solenoid coil that provides a 1.5 T magnetic field. An iron flux-return located outside the coil is instrumented to detect K 0 L mesons and to identify muons (KLM). The detector is described in detail elsewhere [3] . Two different inner detector configurations were used. For the first sample of 152 × 10 6 BB pairs, a 2.0 cm radius beampipe and a 3-layer silicon vertex detector (SVD1) were used; for the latter samples, a 1.5 cm radius beampipe, a 4-layer silicon detector (SVD2), and a small-cell inner drift chamber were used. Belle stopped operation in June 2010 and collected more than 710 fb −1 of data. This corresponds to a total of 772 × 10 6 BB pairs at Υ(4S) resonance. Out of these nearly 80% of the data sample is reprocessed with a new tracking algorithm.
Analysis Technique
In the B meson system, the CP violating asymmetry lies in the time-dependent decay rates of the B 0 and B 0 decays to a common CP -eigenstate (f CP ). The asymmetry can be written as:
Here Γ(B 0 (B 0 ) → f CP ) is the decay rate of a B 0 (B 0 ) meson decays to f CP at a proper time t after the production, ∆m d is the mass difference between the two neutral B mass eigenstates, λ is a complex parameter depending on the B 0 − B 0 mixing as well as the decay amplitudes of the B meson decays to the CP eigenstate. The parameter S is the measure of mixing-induced CP violation, whereas A is the measure of direct CP violation 2 . In the B factories, in order to measure the time-dependent CP violation parameters, we fully reconstruct one neutral B meson in its decay into a CP eigenstate. From the remaining particles in the event, the vertex of the other B meson is reconstructed and its flavor is identified. In the decay chain Υ(4S) → B 0 B 0 → f CP f tag , where one of the B mesons decays at time t CP to a CP eigenstate f CP , which is our signal mode, and the other decays at time t tag to a final state f tag that distinguishes between B 0 and B 0 , the decay rate has a time dependence given by [4] P(∆t) = e −|∆t|/τ B 0
Here τ B 0 is the neutral B lifetime, ∆t = t CP − t tag , and the b-flavor charge q equals +1 (−1) when the tagging B meson is identified as B 0 (B 0 ). Since the B 0 and B 0 are approximately at rest in the Υ(4S) center-ofmass system, ∆t can be determined from the displacement in z between the f CP and f tag decay vertices: ∆t ≃ ∆z/(βγc), where c is the speed of light. The vertex position of the f CP decay is reconstructed using charged tracks (for example, lepton tracks from J/ψ in B 0 → J/ψK 0 S decays) and that of the f tag decay from well-reconstructed tracks that are not assigned to f CP [5] The ∆z is approximately 200 µm in Belle and 250 µm in BaBar. We also consider the effect of detector resolution and mis-identification of the flavor [6] . We use a flavor tagging algorithm to obtain the b-flavor charge q and a tagging quality factor r ∈ [0, 1]. The value r = 0 signifies no flavor discrimination while r = 1 implies unambiguous flavor assignment. The data are divided into seven r intervals. Finally, the CP violation parameters are obtained from an unbinned maximum likelihood (UML) fit to the ∆t distribution.
b → ccs Decay Modes
The B → Charmonium K 0 decays that are mediated by b → ccs decays are known as the golden modes for CP violation measurements. They have clean experimental signatures: many accessible modes with relatively large branching fractions O(10 −4 ), low experimental background levels and high reconstruction efficiencies. These modes are dominated by a color-suppressed b → ccs tree diagram and the dominant penguin diagram has the same weak phase. The CP violation comes from the V td element in the mixing box diagram, which contains the phase. For f CP final states resulting from a b → ccs transition, the SM predicts S = −ξ CP sin 2φ 1 and A = 0, where ξ CP is the CP eigenvalue of the final state and is +1(−1) for CP -even (CP -odd) states. The asymmetry is given as
We can verify this experimentally by measuring the number of B 0 (B 0 ) decays to CP eigenstates. A non-zero value of A or any measurement of sin 2φ 1 that has a significant deviation indicates evidence for NP.
Belle recently reported new measurements with its full data sample using the modes are the center-of-mass (cms) energy and momentum, respectively, of the reconstructed B candidate. Belle reported nearly 15600 CP -odd signal events with a purity of 96% and nearly 10000 CP -even signal events with a purity of 63%. Belle observed CP violation in all the listed charmonium modes and the results are summarized in Table I . Table I : The CP -violating parameters measured by Belle with golden modes using a data sample (the errors are statistical only). Belle observed CP violation in all charmonium modes.
0.636 ± 0.117 −0.023 ± 0.083 Figure 1 shows the background-subtracted ∆t distributions and the raw asymmetry for good-tagged events only (r > 0.5). We combine the CP -odd states,
We define the raw asymmetry in each ∆t bin as (
is the number of observed candidates with q = +1 (−1). The systematic uncertainties are improved compared to previous Belle measurements [7, 8] . Combining all charmonium modes, Belle reported the world's most precise measurements:
where the uncertainties are statistical and systematic, respectively. Combining this new measurements from Belle with BaBar [9] , the new world average calculated by the Heavy Flavor Averaging Group (HFAG) [10] is:
The experimental uncertainty on sin 2φ 1 is reduced to 3% and thus serves as a firm reference point for the SM. The value of A is consistent with zero. The new results provide a better constraint on the allowed region in the CKM fitter as shown in Fig. 2 and give the value of φ 1 (β) to be [10]
which is the most precise measurement having an error < 1 • . Details on the measurements of the CKM angle φ 1 /β at the B factories are described in the FPCP 2011 proceeding [11] . 
b → ccd Decay Modes
Belle updated the measurements of CP violation parameters in b → ccd decays,
, using the full data sample. The dominant contribution in these decays is from the tree-diagram. If this is the only contribution, then SM expectation is S = − sin 2φ 1 and A = 0. But, penguin contributions are expected to change the values by a few percent [12] . Large deviations from sin 2φ 1 in b → ccs decays will be clear hint of NP.
5.1.
The D mesons are reconstructed using the D
. Signal is extracted from an extended UML fit to the two-dimensional ∆E-M bc distribution. The projections of the fit onto M bc for each mode are shown in Fig. 3 . Contributions from B 0 → D + K ( * )0 π − peaking background are estimated using a D mass sideband in data and are subtracted from the signal yield. The signal yields and measured branching fractions for each channel are summarized in the Table II. 
Combining the three decay modes, we measure the branching fraction to be This measurement is consistent with Belle's previous result using 535 × 10 6 BB pairs [14] . The dominant contributions to the systematic uncertainty come from the K/π selection efficiency, daughter branching fractions and continuum suppression.
We use the Kππ and K 
B
Belle also updated the measurements of the branching fraction, polarization and CP violation parameters for B 0 → D * + D * − using the full data sample. The signal is reconstructed in a total of nine hadronic D decay modes. The signal yield is obtained from a two-dimensional extended UML fit to the ∆E-M bc distribution. We obtain a signal yield of 1225 ± 59 events and the measured branching fraction is We have a large gain in signal yield compared to Belle's previous publication with 657 × 10 6 BB pairs [15] due to higher track multiplicity in the final state. B 0 → D * + D * − is the decay of a scalar to two vector mesons; the final state is a mixture of CP -even and CP -odd states. Therefore, an angular analysis has to be performed to determine the fraction of CP -even decays. This is done using two of the three possible angles of the transversity base, denoted by cos θ tr and cos θ 1 . The measurements of polarization and CP violation are performed simultaneously with a five dimensional fit to ∆E, M bc , cos θ tr , cos θ 1 and ∆t distributions. The cos θ tr and cos θ 1 distributions for data in the signal region of ∆E-M bc are shown in Fig. 6 . We measure the polarization and CP violation parameters to be S = −0.79 ± 0.13 ± 0.03 A = +0.15 ± 0.08 ± 0.02 R 0 = 0.62 ± 0.03 ± 0.01 R ⊥ = 0.14 ± 0.02 ± 0.01 (10)
Both the measurements of branching fraction and the polarization are consistent with Belle's previous measurement [15] . The CP violation parameters are consistent with SM predictions.
The HFAG summary of the b → ccd results from Belle and BaBar are shown in Fig. 8 .
CPT violation parameters in B 0 decay
CP T conservation is one of the most fundamental laws in the SM. Any evidence of CP T violation will be clear hint of NP. Using a data sample of 535 × 10 6 BB pairs, we measure the CP T violating parameter 
The charged modes B + → J/ψK + and B + → D 0 π + are used to determine the ∆t resolution. We have a total of 534,068 neutral B and 248,775 charged B events.
Using an UML fit to 72 free parameters, we measure the CP T violating parameters as
The results are consistent with zero. The ∆t distribution for B 0 → J/ψK 0 S is shown in Fig. 9 .
First Observation of
Using the full data sample we observed for the first time the neutral mode B 0 → φK 0 S γ [17] . We measure the branching fractions for both charged B + → φK + γ and neutral
The signal yield is obtained from an extended UML fit to the two-dimensional ∆E-M bc distribution. The dominant background comes from e + e − →(q = u, d, s, c) continuum events. Another significant background is non-resonant (NR) B → K + K − Kγ, which peaks in the ∆E-M bc signal region; it is estimated using the φ mass sideband,
2 , in data. The projections of the fit results onto M bc are shown To measure the M φK distribution, we repeat the fit in bins of φK mass and the resulting signal yields are corrected for the detection efficiency. Nearly 72% of the signal events are concentrated in the low-mass region, M φK ∈ [1.5, 2.0] GeV/c 2 . The background-subtracted and efficiency-corrected M φK distributions are shown in Fig. 11 . These spectra are consistent with the expectations from the pQCD model for non-resonant B → φKγ decays [16] . The form factor effect produces the peak at the threshold. With the present statistics no clear evidence is found for the existence of a kaonic resonance decaying to φK. The reconstruction efficiencies after reweighting according to this M φK dependence are (15.3 ± 0.1(stat))% for the charged mode and (10.0 ± 0.1(stat))% for the neutral mode. The measured branching fractions are [17] B(B + → φK + γ) = (2.48 ± 0.30 ± 0.24) × 10 −6 and
We also measure the charge asymmetry in B ± → φK ± γ decay to be [17] 
where N (B − ) and N (B + ) are the signal yields for B − and B + decays, respectively. We also performed the first time-dependent measurements in the neutral B 0 → φK 0 S γ mode. In contrast to 
We have established that the mode B 0 → φK 0 S γ can be used at future high luminosity e + e − and hadronic facilities to perform time-dependent CP violation measurements and to carry out sensitive tests for NP. The results are accepted for publication in Physical Review D [17] . The HFAG summary of the results in b → sγ modes from Belle and BaBar is shown in Fig. 13 . With the present statistics, these measurements are consistent with the SM predictions and there is no indication of NP from right-handed currents in radiative B decays.
Summary
In summary, we have presented the recent measurements on CP violation parameters from Belle using the full data sample 772 × 10 6 BB collected at the Υ(4S) resonance. The CP violation parameters in b → ccs decays are the most precise measurement and provide a reference point for new physics searches. We have updated the branching fraction and CP violation results in B 0 → D + D − and B 0 → D * + D * − using the full data sample. These are consistent with the measurements of sin 2φ 1 from b → ccs decays. We also presented the first measurements of CP T violation parameters in B decays, which are consistent with zero. The first observation of B 0 → φK 0 γ and its CP violation parameters are also reported. This mode establishes a new method for searching right-handed currents and will be used in future very high luminosity experiments. 
